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Abstract 
As the number of biogas plants and wastewater treatment plants continues to grow, there is an urgent need to find 
sustainable usage of the organic wastes produced in these facilities Recycling of organic wastes within agriculture 
can reduce the need for mineral fertilizer and restore organic carbon deficiency in the soil. The results from a 16-year 
long field experiment, where agricultural lands have been amended using sewage sludge and biogas residue is 
presented in this paper. Plant nutrients, organic contaminants and metals have been analyzed in order to evaluate the 
impact of the wastes on soil and crop quality. The results show that only small differences in plant uptake of metals 
and organic pollutants appear after 16 years. In addition, biogas residues performed well as a fertilizers, although not 
as well as mineral fertilizers.  
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1. Introduction 
Today, a vast number of biogas plants and wastewater treatment plants are being built around the 
world. These plants produce energy and clean water, but they also give rise to a major waste problem 
since large volumes of organic waste material are continuously produced. Recycling of organic wastes 
(such as biogas residues and sewage sludge) to agriculture has been a widely discussed subject for 
decades (Odlare et al, 2011). Possible accumulation of persistent contaminants and their potential transfer 
to crops has led to major concerns regarding safe usage of organic wastes in crop production. 
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Nevertheless, the amount of biogas plants and wastewater treatment plants continues to grow, and 
therefore, this problem urgentl7y needs to be solved. Also, to find solutions to the organic waste handling 
is usually crucial for the biogas and wastewater treatment plants and significant parts of the total 
economic profit may rely on sales of the organic waste product. At the same time, due to reduced animal 
stocks, most farmers need organic fertilizers for their agricultural soils in order to compensate for lack of 
farm manure.  
Studies of long-term effects of organic wastes are still lacking in research publications. Hence, the 
objective of this study was to fill a gap in knowledge regarding long-term effects of amending soil with 
residue from biogas production and waste water treatment. In this paper, the results from a 16-year long 
field experiment are presented. A field experiment was established in central Sweden where agricultural 
soil was continuously fertilized with biogas residues and sewage sludge for a period of total 16 years. The 
effects on soil and crop quality (positive as well as adverse) was evaluated.   
2. Materials and methods 
2.1. The field experiment and soil sampling 
A field experiment with randomized block design was established in autumn 1998 in central Sweden 
(59 37 N, 16 33 E). Before the experiment, the soil had not been fertilized with farmyard manure 
since 1975. The soil was initially classified as a Eutric Cambisol (FAO 1998) and contained 37–49% 
clay, 36–44% silt and 14–20% sand. The experiment was set up with four replicates (blocks) for each 
treatment and a plot size of 6×15 m. The crop rotation in the experiment was oats and spring barley every 
second year.  
The experimental design (Table 1) was chosen to enable comparison of the organic waste with 
traditional fertilizer (NPS) and a control with no fertilizer. In order to mimic realistic farm practices, half 
of the total nitrogen load (50 kg N ha-1) was applied as mineral fertilizer and the second half as either 
sewage sludge or biogas residue (50 kg N ha-1) at a total rate corresponding to 100 kg N ha-1.   
Table 1. The different treatments of the field experiment 
Treatment Waste/fertilizer  Applied N in 
organic 
fertilizer 
(kg ha-1 yr-1) 
Applied N in 
mineral 
fertilizer 
(kg ha-1 yr-1) 
BR Biogas residue  50 50 
SS Sewage sludge  50 50 
NPS Mineral fertilizer (NPS)  0 100 
Control Unfertilized control  0 0 
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The organic wastes and mineral fertilizer were spread according to farming practices in Sweden. Thus, 
biogas residue was spread on the seedlings immediately before stem elongation and sewage sludge was 
spread in late autumn just before plowing. Mineral fertilizer was applied in spring at sowing.  
Representative samples from top soil (25 cm) were collected in late autumn using soil corers. Grain 
from the crop was sampled by cutting full grown plants immediately before harvest. A total of 1000 g of 
grain was sampled from each plot.  
 
2.2. Description of the organic wastes 
Slurry biogas residue was obtained from a municipal biogas plant in Västerås where the biogas is 
produced from source-separated household waste, ley crop and fat removal sludge from restaurants. 
The sewage sludge was obtained from the municipal wastewater treatment plant in Västerås that treats 
sewage from 118,000 p.e. yielding 12,000 tonnes dewatered (25% d.m.) sludge per year. Influent raw 
wastewater is pre-precipitated with iron sulphate, biologically treated by an activated sludge process with 
pre-denitrification supported with glycol as external carbon and energy source. Excess sludge is 
anaerobically digested to reduce its volume, make the product hygienic and produce biogas. 
 
2.3. Analyses 
Several chemical analyses were performed both on the grain and soil. In order to assess the 
performance of the organic wastes as fertilizers, the field experiment was analyzed with regard to crop 
yield and essential plant nutrients such as total nitrogen as well as total and plant available phosphorous. 
Accumulation of contaminants in soil and crop was assessed by analyzing the soil for common organic 
pollutants found in organic wastes: naphthalene, acenaphthylene, acenaphthene, fluorine, phenanthrene, 
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(ah)anthracene, benzo(ghi)perylene, indeno(123cd)pyrene, 
sum of 16 PAHs, sum of carcinogenic PAH, sum of other PAHs, sum of PAH L, sum of PAH M, sum of 
PAH H and mineral oil >C10-C40.  
In addition, ten metals and metalloids were analyzed: arsenic (As), cadmium (Cd), cobalt (Co), 
chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), vanadium (V) and zinc (Zn).  
3. Results and discussion 
The results showed no significant differences in the metal content of the soils between the studied 
treatments and all organic pollutants were under the detection limits. Previous studies from the same field 
experiment after 4 years of organic waste application indicated similar trends (Odlare et al., 2008). The 
compost contained large concentrations of heavy metals, especially Zn and Pb. Sewage sludge contained 
large amounts of Cu. Plots amended with compost as the sole fertilizer exceeded the Swedish 
Environmental Protection Agency’s threshold values for all heavy metals, whereas plots amended with 
sewage sludge exceeded the threshold value for Cu. In Odlare et al. (2013) the metal content in soil prior 
to the experiment was presented as well as mean metal levels in the harvest during the first four years. In 
general, treatments with compost and sewage sludge received the highest mean amounts of metals, with 
sewage sludge receiving higher rates of Cu and Zn, and treatment compost higher rates of Ni, Pb and Cr. 
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In addition, all treatments but the control received 6 g Cr/ha/year as a result of the supplementary mineral 
N fertilization. 
 
The results presented in this paper show that there are only small differences between the treatments in 
terms heavy metals in soil. On the other hand, in terms of fertilizing effect, the biogas residue performed 
almost equally well as mineral fertilizer during.  
Regarding the metal content of the year 2014 harvest of barley, there was however a trend of increased 
metal uptake of nickel, cobalt and to some extent also chromium from the soil fertilized with sewage 
sludge (Fig. 1). Even if this trend was not statistically significant it seems like the bioavailability of these 
components has increased as a result of the addition of the sewage sludge. The increased uptake by the 
crop can be the result of increased mobilization of the metals under the different conditions created by the 
treatment regimes. However, for cadmium, both the plots fertilized with mineral fertilizer and sewage 
sludge showed a trend of elevated uptake in the crop compared to the unfertilized control plots and plots 
fertilized with biogas residues. The barley from both the unfertilized control plot and the biogas residue 
plots shoed similar cadmium levels even though no external sources of cadmium has been introduced to 
the control plots during the last 16 years.  
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Figure 1. Metal uptake in barley grain for nickel (Ni), 
cadmium (Cd), chromium (Cr) and cobolt (Co). For abbreviation, see table 1.  
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4. Conclusions 
No accumulation of metals or organic polutants could be determined after 16 consecutive years of adition 
of biogas residue and sewage sludge. The metal content in the barley harvest indicates an increased 
bioavailability of metals as a result of regular additions of sewage sludge compared to the other fertilizers. 
However, the metal concentrations in the barley from the unfertilized control plots indicates high 
background levels of metals in the soil.  
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